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abstract 


Studies  to  obtain  the  processes  necessary  for 
the  high  volume  production  of  gallium  arsenide 
varactor  diodes  are  described  in  this  report. 
These  investigations  include  diffusion,  ohmic 
contacts,  June tion  formation  and  packaging.  A 
diffusion  process  utilizing  zinc  and  arsenic  as  a 
diffusant  source  is  described  as  well  as  a  low 
resistance  P-type  contact  and  a  successful 
procedure  for  a  uniform  mesa  formation. 
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PURPOSE 


The  purpose  of  the  work  being  carried  out  under  this  contract  is  to  establish 
the  producibility,  in  accordance  with  Steps  1  and  II  of  Signal  Corps  Industrial 
Preparedness  Procurement  Requirements  (SCIPPR)  No.  15  dated  1  October 
1958,  of  Gallium  Arsenide  Varactor  Diode  per  Specification  SCS-128,  dated 
2  March  1962.  Fulfillment  of  the  stated  purpose  is  being  accomplished  by 
the  completion  of  the  major  steps  as  follows: 

1.  Engineering  work  necessary  to  establish  capability  to  manufacture 
the  subject  varactor  diode  on  a  pilot  line  basis.  This  includes  the 
development -of  production  processes,  materials  design,  and  test 
procedures  suitable  for  fabrication  of  the  diode  in  accordance  with 
the  requirements  of  specification  SCS-128  (See  Appendix  A)  on  a 
volume  basis. 

2.  Manufacture  and  submission  of  samples  for  evaluation  and  approval 
according  to  established  schedules  as  follows: 

375  Engineering  samples 
100  Preproduction  samples 

3.  Design,  development,  procurement  and/or  fabrication  of  production 
type  equipment  necessary  to  manufacture  and  test  units  meeting  the 
above  mentioned  specification  at  the  rate  of  200  per  day  on  a  single 
eight  (8)  hour  shift  basis. 

4.  A  production  type  run  of  1000  units  for  the  purpose  of  demonstrating 
the  capability  of  the  pilot  line  processes  and  equipment  to  manufacture 
at  the  specified  rate  of  200  units  per  eight  (8)  hour  day  in  accordance 
with  the  applicable  device  specifications. 

5.  Submission  of  monthly,  quarterly,  and  final  reports. 

6.  Preparation  of  a  report  in  accordance  with  Step  II  of  SCIPPR  No.  15 
outlining  steps  required  to  establish  production  of  units  meeting  the 
applicable  specification  at  the  rate  of  2000  units  per  eight  (8)  hour 
day. 
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Narrative  and  Data 


1.  0 

1.  1  DIFFUSION 

Wafers  are  prepared  for  diffusion  by  etching  them  in  an  HF  +  HNO^  solution 
to  reduce  the  thickness  of  the  slice  to  0.  011  inches.  A  final  etch  of 

+  H^SO^  is  used  to  polish  the  (ill)  face  and  to  decrease  the  thickness 
to  the  desired  0.010  inches.  This  preparation  procedure  minimizes  the  surface 
damage  and  thus  allows  for  shallower  diffusions.  In  addition  use  of  the 
H^SO^  +  ^2^2  makes  it  possible  to  identify  the  (IT I)  face  easily. 

This  is  necessary,  since  it  has  been  found  that  etching  is  more  uniform  on  this 
face  and  therefore,  is  the  side  used  for  mesa  formation. 

After  diffusing  with  a  Zn  or  Zn  +  Ga  source  according  to  the  procedure 
described  in  the  second  quarterly  report,  a  rough  hazy  surface  (Figure  1) 
results  on  both  sides  of  the  wafer.  At  first  it  was  thought  that  this  condition 
was  caused  by  the  diffusant  condensing  on  the  wafer  during  the  cooling  cycle. 
This  idea  was  disproved  by  quenching  one  end  of  the  tube  which  condensed 
the  vaporized  diffusant  in  the  cooled  end.  Although  this  procedure  cleaned 
up  the  wafer  somewhat,  the  surface  of  the  wafer  was  still  visibly  disturbed. 

It  was  concluded  that  the  surface  problem  was  caused  by  a  loss  of  arsenic 
during  diffusion. 

To  overcome  this  loss,  an  arsenic  vapor  pressure  was  put  in  the  tube  during 
an  elemental  zinc  diffusion  by  loading  in  99.99%  pure  As.  The  diffused  wafer 
came  out  perfectly  smooth  as  illustrated  in  Figure  1.  The  additon  of  an  arsenic 
pressure  was  tried  also  during  a  Zn-Ga  diffusion,  but  with  poor  results.  The 
arsenic  reacted  with  the  gallium  to  grow  gallium  arsenide  from  dilute  solution. 
Consequently,  the  diffusions  done  during  the  latter  part  of  this  period  have 
utilized  elemental  zinc  with  an  arsenic  background  pressure.  In  addition,  in 
order  to  keep  the  tube  and  wafer  as  clean  as  possible,  one  end  of  the  ampoule 
is  cooled  immediately  after  withdrawal  from  the  diffusion  furnace. 
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The  capacitance  versus  voltage  variation  in  the  above  type  diffusion  is  different 
than  in  previous  diffusions.  The  n  =  .  44  in  the  relationship: 
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using  zinc  and  arsenic  as  a  source.  The  (n)  in  the  diffusions  described  in 
preceding  reports  was  .  33  and  .  5  (see  Figure  2). 
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capacitance  versus  voetage  dependence  for 

ELEMENTAL  ZINC,  ZINC-ARSENIC  AND  ZINC  -  GALUUM  DIFFUSION 
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OHMIC  CONTACTS 


A  significant  increase  in  the  adherence  and  lowering  of  the  resistance  of  the 
P-type  contact  was  attained  during  the  past  quarter.  By  changing  the  process¬ 
ing  and  increasing  the  amount  of  contact  material,  an  improved  and  repro¬ 
ducible  alloy  was  obtained.  The  series  resistance  of  the  diodes  was  lowered 
sufficiently  to  make  possible  the  fabrication  of  several  diodes  with  cutoff 
frequencies  in  excess  of  200  Kmc  at  -6  volt  bias.  These  results  were  repeated 
on  several  wafers  to  substantiate  reproducibility.  Prior  to  evaporation  of  the 
P-type  contact  the  wafers  are  etched  in  HF  for  approximately  five  minutes  and 
after  rinsing  are  dried  in  instrument  air.  A  Au-Zn  alloy  is  evaporated  through 
a  .  002  inch  diameter  mask.  The  mask  is  carefully  removed  so  as  not  to  smudge 
the  evaporated  dots;  to  prevent  smearing  the  dots,  a  jig  was  built  to  insure 
removing  the  mask  and  holder  in  a  vertical  direction.  Alloying  of  these  dots  is 
accomplished  immediately  after  removing  the  wafer  from  the  evaporator  in 
order  to  minimize  exposure  to  the  air. 

The  slice,  coated  with  P-type  contacts,  is  given  a  thirty  second  preheat  at 
250 °C  before  being  pushed  into  the  500°C  zone  of  the  furnace  for  three  minutes. 
The  gas  flowing  through  the  furnace  is  hydrogen  which  as  a  reducing  atmosphere 
facilitates  a  smooth  alloy  to  the  surface  of  the  gallium  arsenide. 
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1.  3 

After  much  Investigation  it  was  found  that  Kodak  Photo  Resist  (KPR)  did 
not  adhere  well  enough  on  the  small  mesa  areas  to  mask  them  against 
intensive  etching.  The  KPR  peeled  off  repeatedly  after  a  specific  length 
of  etching  time. 

Kodak  Metal  Etch  Resist  (KMER)  was  investigated  and  is  being  used 
successfully  in  place  of  the  KPR.  The  KMER  is  extremely  resistant  to 
etching  and  is  as  easy  to  apply  as  the  former.  The  KMER  is  flowed  onto 
the  P-type  side  of  the  wafer  which  has  0.002"  alloyed  dots  spaced  at 
0.  020"  intervals.  The  wafer  is  rotated  at  a  constant  RPM  for  one  minute 
in  order  to  insure  a  uniform  layer  thickness.  The  excess  KMER  is  thrown 
off  by  the  centrifugal  force  of  the  rotation.  A  one -hour  bake  at  65  C  is 
sufficient  to  harden  the  KMER  enough  for  further  processing. 

Photographic  masks  have  been  developed  in  order  to  make  possible  the  use 
of  photo  resist  techniques.  The  facilities  and  techniques  of  the  Sylvania 
Advanced  Development  Group  were  utilized  to  develop  these 
masks.  The  fabrication  of  these  masks  is  quite  a  difficult  and  elaborate 
process  due  to  the  fact  that  an  0.  002"  diameter  dot  must  be  repeated  sixty 
times  at  0.  020"  intervals  in  all  directions  to  product  a  I  1/4"  X  1  1/4" 
array.  Any  minute  error  in  spacing  will  be  magnified  across  the  array  and 
result  in  a  faulty  mask.  Consequently,  tolerances  on  these  masks  must  be 
kept  to  less  than  0.  0001".  A  negative  mask  with  0.  006"  holes  on  0.  020"  X 
0.  020"  centers  is  illustrated  in  Figure  3. 

The  procedure  in  developing  a  precise  0.0015"  or  0.  002"  mask  consists  of 
drawing  a  perfect  master  dot  several  thousand  times  larger  than  the  required 
sise.  This  dot  is  photographed  and  reduced  in  size  with  a  system  of  lenses 
until  it  is  the  desired  size  of  0. 0015"  or  0.  002"  diameter. 
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The  reduced  dot  is  photographed  and  put  into  a  step  and  repeat  machine 
which  accurately  placet  and  expotet  thete  dota  on  film  at  0.  020"  intervals. 

An  entire  array  1  1/4"  x  1  1/4"  consists  of  almost  4000  precision  dots. 
Photographic  negatives  (Figure  3)  of  positive  plates  can  be  made  from  the 
master  film.  After  hardening  the  KMER,  the  wafer  is  placed  in  a  jig 
previously  developed  by  the  transistor  group  at  Sylvania's  expense.  This 
jig  holds  the  slice  by  vacuum  and  permits  the  mask  to  be  moved  above  it 
(Figure  4).  When  alignment  is  attained,  as  seen  through  the  microscope, 
vacuum  #2  is  turned  on  to  hold  the  plate  in  position.  The  vacuum  chuck  is 
then  exposed  under  a  mercury  arc  lamp  following  which  the  slice  is  placed 
into  a  developer  solution.  The  unexposed  areas  are  removed  by  the  developer 
leaving  the  exposed  mesa  areas  covered  with  KMER.  The  masked  slice  is 
then  baked  to  further  harden  the  KMER  coating  and  make  it  more  resistant 
to  etching. 

After  baking,  the  wafer  is  etched  in  a  25®C  18  HF  +  1  HNO3  solution  until  by 
probing  it  is  found  that  the  diffused  P  layer  has  been  removed  between  the  mesas. 
The  time  for  this  operation  varies  with  the  diffusion  depth. 

The  KMER  is  removed  from  the  top  of  the  mesas  by  agitating  a  sufficient 
length  of  time  in  triad.  The  resultant  0.002"  diameter  mesa  is  illustrated 
in  Figure  6  where  it  has  been  magnified  225  X. 

A  final  HF  +  HNO3  etch  is  given  to  the  individual  diodes  after  mounting  in 
the  package  and  thermal  compression  bonding  in  order  to  bring  the  junction 
capacitance  down  to  the  desired  value.  In  the  past  a  problem  was  encountered 
in  this  etching  procedure.  The  time  for  etching  the  individual  mesas  varied 
extremely  from  diode  to  diode;  this  could  have  been  caused  by  poor  wetting  of 
the  acid  around  the  junction.  By  ultrasonically  cavitating  the  solution  during 
the  etch,  this  problem  has  been  eliminated,  and  uniform  capacitance  values 
are  obtainable  within  a  given  etching  time  period.  Generally  a  five  second 
etch  is  sufficient  to  bring  the  capacitance  into  the  desired  range. 
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FIGURE  3 

MASK  USED  IN  KMER  MESA  FORMATION 
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FIGURE  6 
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PACKAGING 


Thirty  prototype  packages  were  received  from  Ceramics  International  as  per 
Figure  7.  The  capacitance  of  this  configuration  is  .  146  uuf  which  meets  the 
contract  specifications  (see  Appendix  A).  The  ceramic  is  fabricated  of 
alumina  with  a  wall  thickness  of  0.  015".  The  wall  thickness  is  limited  by 
strength  considerations  since  it  is  most  desirable  to  have  it  as  thin  as  possible 
for  minimum  capacitance.  Diodes  have  been  fabricated  in  these  packages  and 
some  of  them  will  be  included  in  the  next  75  engineering  samples. 

The  second  group  of  engineering  samples  which  were  delivered  on  January  30, 
1963  were  packaged  in  two  different  configurations.  One  package  had  a 
capacitance  of  0.  35  uuf  (Figure  8)  and  the  other  had  a  capacitance  of  .  22  uuf 
(Figure  9).  An  0.  7  mil  gold  wire  was  thermal  compression  bonded  from  the 
mesa  to  the  flange  in  both  configurations.  The  series  inductance  of  the  two 
latter  assembled  packages  was  measured  at  1  Kmc  in  a  50  ohm  line  using  a 
conductor  with  the  same  external  dimensions  as  the  packages  measured  for  a 
reference  point.  The  package  in  Figure  9  with  a  Cp  =  0.  22  uuf  has  a  series 
inductance  (Ls)  =  0.  9  nh  while  the  shorter  package  in  Figure  8  with  a  Cp  of 
0.  35  uif  h^s  an  Ls  =  .  7  nh.  The  high  values  of  inductance  can  be  attributed 
to  the  thin  contact  wire  in  these  packages  used  for  ease  of  fabrication.  Steps 
are  being  initiated  to  fabricate  diodes  with  a  iibbon>type  contact  in  order  to 
decrease  the  series  inductance. 

Since  there  are  problems  Involved  in  contacting  a  wide  ribbon  to  a  small 
mesa,  a  fine  gold  mesh  hal  been  designed  which  will  also  be  tried  in  order 
to  compare  its  inductance  with  that  of  an  equal  sized  ribbon. 
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1.5 


ENGINEERING  SAMPLES 


Seventy-five  engineering  famples  were  delivered  to  the  U.  S.  Army  Electronic 
Research  and  Development  Laboratory  in  Fort  Monmouth,  New  Jersey  according 
to  schedule  on  January  30,  1963,  These  diodes  were  vacuum  baked  at  ZOO^C 
for  thirty  minutes  prior  to  the  final  sealing  which  was  carried  out  in  a  controlled 
environment  with  a  dew  point  of  -90°F.  The  samples  (see  Appendix  B)  showed 
a  significant  improvement  in  comparison  to  the  first  lot  of  75  units  delivered 
to  the  Signal  Corps  on  November  30,  1962.  The  average  frequency  cutoff 
improved  by  almost  30  percent  from  an  average  of  66  Kmc  to  85  Kmc.  The 
junction  capacity  spread  on  the  second  set  of  samples,  for  the  most  part,  was 
within  the  desired  SCS-128  specification  (see  Appendix  A).  The  junction 
capacitance  of  the  first  set  of  units  ranged  between  0.  025  uuf  and  2. 45  uuf  while 
the  second  lot  ran  between  0.  087  and  1.  28  uuf. 

The  wafer  used  for  this  pilot  run  was  from  an  ingot  horisontally  grown  by 
Monsanto  Chemical  Company  and  oriented  on  the  (iH^  axis.  The  resistivity 
of  the  slice  was  .  0037  ohm-cm  and  had  a  Hall  mobility  of  2700  cm^/volt  sec. 

The  slice  was  etched  in  a  H2SO4  ■¥  HgOg  solution  which  polished  and  thus 
distinguished  the  (Ill)  face.  The  wafer  was  diffused  at  800*^C  with  an 
elemental  zinc  source.  The  penetration  depth  on  the  As  side  was  approximately 
.  2  mils.  The  N-type  contact  was  put  on  the  Ga  face  and  consisted  of  Au-Sn 
which  was  evaporated  and  alloyed  in  forming  gas.  The  P-type  contact  was 
evaporated  through  a  1  x  2  mil  mask  and  was  sintered  at  500^C  in  forming  gas. 

The  mesas  were  masked  by  wax  evaporation  and  etched  vintil  the  desired 
capacitance  value  was  reached.  The  dice  were  header  mounted  with  Au-Sb 
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preforms  and  an  0.  7  mil  Au  wire  was  attached  to  the  mesa  by  thermal 
compression  bonding.  Before  final  sealing,  the  individual  diodes  were  given 
a  final  etch  when  necessary  to  bring  the  capacitance  into  the  specified  by 
SCS.128. 


Conclutiont 


2.  0 


During  the  past  quarter,  the  second  group  of  75  engineering  sample  diodes 
were  manufactured  and  sent  to  the  United  States  Army  Electronic 
Research  and  Development  Laboratories  for  evaluation. 

Investigations  have  continued  in  order  to  evolve  the  procedures  necessary 
for  the  high  volume  production  of  gallium  arsenide  varactors. 

A  P-type  production  contact  has  been  developed  which  has  a  sufficiently 
low  resistance  to  make  possible  the  production  of  varactor  diodes  with 
frequency  cutoffs  in  excess  of  200  Kmc. 
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PROGRAM  FOR  NEXT  INTERVAL 


1.  Fabricate  two  groups  of  seventy-five  engineering  samples  for 
delivery  on  March  3 1 ,  1963  and  May  31,  1963. 

2.  investigate  foil  and  ribbon  type  contact  in  order  to  lower  the  inductance 
of  the  present  package. 

3.  Continue  refinement  and  simplification  of  processes  in  order  to 
fhcilitate  volume  production. 

NoMt'  A  planning  and  scheduling  chart  breaking  down  the  major  tasks 
into  five  divisions  is  shown  in  Figure  10. 
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4.  0  MAN  HOURS  OF  WORK  PERFORMED 

9  Month 


Engineers 

Third  Quarter 

Cumulative  Total 

T.  Baker 

432 

1224 

G.  Bowne 

36 

153 

G.  Ching 

13 

99 

F.  Tausch 

32 

232 

H.  Ramsey 

- 

15 

K.  Gunn 

32 

32 

Technicians 

W.  Hyde 

- 

18 

£.  Juleff 

88 

496 

D.  Johnson 

• 

- 

324 

E.  Penny 

• 

116 

A.  Marmiani 

424 

1056 

G.  Kokk 

488 

872 

F.  Skalkos 

68 

140 

R.  Greene 

- 

1.  5 

O.  Hapgood 

40 

40 

Operators 

Grade  5  Operators 

49 

130 

1702  4948.5 


TOTAL  HOURS 


VISITS 


5,  0 


December  20,  1962  -  Mr.  S.  Sokolove,  USAEMA,  visited  Woburn  to  review 
contract  progress.  A  review  was  made  of  each  of  the  processes  and  the  new 
KPR  process  was  demonstrated.  The  new  package  design  was  described  and 
a  thorough  analysis  made  of  the  data.  The  problems  involved  in  recuding 
contact  resistance  to  the  mesa  were  discussed  and  the  solutions  for  the  same 
which  involve  double  diffusion  and  different  contact  materials. 


January  28,  1963  -  Mr.  G.  Hall,  USAERDA,  visited  Woburn,  and  discussions 
were  held  regarding  the  contract  progress  with  special  regard  to  the 
correlation  of  USAERD  diode  holders  to  Sylvania. 
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Signal  Corps  Technical  Requirements 
SCS-128,  2  March  1962 

(and  Amendment  iifl,  2  May  1962  See  Note  #9) 
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SIGNAL  CORPS 

TECHNICAL 

REQUIREMENTS 


SCS>)23 
2  Moreh  1962 


SEMICONDUCTOR  OIOOE^  G^vLLIUM  ARSENIDE,  VARAaOR,  MICROWAVE 

TYPE  SiaC-IN(X-2) 


1.  SCOPE 

1.1  Scopa.  -  Thit  document  covert  the  dotoil  roqulromentt  for  coHlum  ortcnido, 
vorioble  rooctonco,  semiconductor  ciiocct  for  opplicotlon  ci  low-noise  cmplificrt  in 
microwovo-froquency  receiver  circuits,  end  ccpc'ole  of  proper  porformonce  (tee  3.4  herein) 
under  the  following  conditions.  (See  3.2  herein): 


Operating 

temperature 

Cporotlrtg 

oltitude 

Operoting 

CW  dissipation 

Roverso 

voltogo 

•c 

Jh. 

mW 

Vee 

... 

mmm 

3S5 

I7o 

iJgljjjJljl 

200 

Any 

••• 

••• 

2.  APPLICABLE  DOCUMENTS 

2. 1  The  following  documents,  of  the  Issue  in  effect  on  dote  of  Invitotion  for  bids,  form 
o  port  of  this  specification  to  the  extent  specified  herein! 

SPECIFICATIONS 

MILITARY 

MIL>S-I9500  Semiconductor  Devices,  General  Specification  For 

STANDARDS 
MILITARY 

MIL-STO-IS  Electrical  ond  Electronic  Symbols 

MIL«STO>202  Test  Methods  for  Electronic  ond  Electricol  ConTponont  Ports 


Sheet  1  of  12  sheets 


FSC-5960 
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DRAWINGS 
SIGNAL  CORPS 

SC*A-4d600  Proproduction  Scmplo  Approval  In  Lieu  Of  Cualificetion 

Rcquircmentt  In  Spocificationi 

(Copies  of  spocificotlons,  standard!/  crowInQi,  end  publications  required  by  controctors 
In  connection  with  specific  procurement  functions  should  bo  obtoined  from  tho  procuring 
ogency  or  os  directed  by  the  contracting  officer.  Both  the  title  and  number  or  symbol 
should  bo  stipulctod  when  requesting  copies.) 

3.  REQUIREMENTS 

3. 1  Requirements.-  Requirements  for  the  semiconductor  diodes  sholl  be  In  accordance 
with  Specification  MIL-S-195C0/  and  cs  specified  herein. 

3.2  Abbreviations  ond  symbols.  -  The  cbbreviotlons  ond  symbols  used  heroin  ore  defined 
in  Specification  MIL-S-]9iiOG/  on<l  cs  Idontified  In  Tobies  I  ond  II,  end  parographs  4.S.  1 
through  4.3.3  heroin. 

3.3  Dasinn  end  construction.  -  The  design  end  construction  of  the  semicorsductor  diodes 
shall  bo  in  accordance  with  requirements  of  Specification  MIL-S-19500/  and  sholl  be 
compatible  with  intended  Instol  lotion  and  oppiicotion  of  the  devices. 

3. 3. 1  Opereting  position.  -  The  semiconductor  diodes  shall  be  capable  of  proper 
operation  In  any  position. 

3.3.2  Polorlty  Indication.  -  The  graphic  syr.tbol  for  polorlty  Indication  on  the 
semlcortductor  ciiodcs  snail  be  os  designoted  in  Standard  MIL-ST0-I5. 

3.4  Porforr.icnce  characteristics.  -  The  semiconductor  diode  performance  chorocteristics 
shall  be  os  specified  in  tobies  I  ond  II  herein.  (See  6. 3  heroin. ) 

2.5  Markina.-  The  semiconductor  diodes  shell  be  morked  In  accordanco  with 
Spaclficotion  MIL-S-19500  end  os  follows.  In  Instoncos  where  tho  diminutive  size  or 
lock  of  sultobie  surface  oroa  on  tho  device  would  prevent  o  morking  accomplishment 
readable  by  the  unaided  eye,  20/20  vision,  ot  eight  Inches  distance  from  the  device,  such 
marking  may  be  emitted  directly  on  the  device.  All  required  morking  sholl  be  placed  on  the 
unit  paeisege. 
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3.5. 1  Typc~doilgno>lon  morktna.-  The  ten  I  conductor  diodos  tholl  bo  merkcd  with  tha 
Ictteit  "SlgC.“  ond  tho  “IN'*  coslonotlon  of  the  device.  Tho  "IN“  designation  of  tho  dovlco- 
tholl  bo  ''(X-2)"  until  on  Iccntlflectlon  number  conforming  to  typo  doslgnotlon  rcqulrentents 
of  Spoclflcotlon  MIL*'S«19500  hot  been  established. 

4,  QUALITY  ASSURANCE  PROVISIONS 

4.1  General.  •  Except  os  othorwitc  specified  herein,  tha  responsibility  for  Inspection, 
gonorol  proeoduret  for  acceptance,  classification  of  Inspection,  end  Inspection  conditions 
end  methods  of  test  shall  be  In  accordance  with  Spoclflcotlon  MIL-S-19500,  Quality 
Asturonce  Provisions. 

4.2  Prcpredwctlon  Sample  Approvol.-  Tho  Proproduction  Sompio  Approvol  requiremantt 
in  Signal  Corps  Drawing  SC-A-4<sou3  hereby  reploee  any  Qualification  requirements  reforahh 
to  tho  product  covered  herein. 

4.3  Sompllnn  ond  occeptonco  criteria  for  Accoptar»ee  Inspection  (soo  A.2  herein).* 

For  oil  tests 'except  Life  test^,  sompllng  ond  occeptanco  criteria  shall  be  In  occardonco 
v/lth  porogrophs  4.3. 1  ond  4.3.2,  respectively,  herein.  For  Life  tests,  sompling  one) 
accoptonco  criteria  sholi  bo  In  occordonco  with  requirements  for  Method  B  In  Spoclflcotlon 
MiL*S-195C0,  Appendix  C.  The  respective  LTPO  (Lot  Toloronco  Percent  Cofectivo)  end 
Max.  Acc.  No.  (Moximum  Acceptonce  Number)  requirements  in  Tables  I  and  II  herein  shall 
Qovom  relative  to  the  details  in  paragraphs  4.3. 1  end  4.3.2  herein. 

4.3. 1  Somploslze.-  The  sample  si:e  shall  bo  selected  by  tho  monufoeturer/  using 
Toble  111  heroin,  (no  sample  size  so  chosen  sholl  bo  v/lthln  the  Mox.  Acc.  No.  limit 
associated  with  tho  LTPD  specified  In  Tables  I  and  II  heroin. 

4.3.2  Semple  occoptcnce  criterlo.-  For  tho  sample  sizo  tested,  the  Acceptance 
Number  "(a) "In  Toble  III  sholl  not  be  exceeded.  (Rejection  Number  "r"  ■  "(o)"  +1). 

4.3.3  Tightened  Inspection.  -  Tightened  Inspection  on  rosubmlttod  lots  is  obtolned  by 
testing  to  on  LTPD  equal  to  or  less  then  ono-half  of  the  specified  Initial  LTPD. 

4.4  Specified  LTPD  ond  Mox.  Acc.  No.-  The  LTPD  and  Max.  Acc.  No.  specified 
for  e  subgroup  In  Tables  I  and  il  herein  shall  apply  for  all  of  the  tests,  combined.  In  the 
subgroup. 

4.5  Destructive  tests.-  None. 
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4.6  DUpostMon  of  »a.Tplo  unlft,"  Sompio  units  that  have  been  subjected  to  end  hove 
pasted  Group  Subgroups  2,  3,  and  5  tests  may  bo  dolivcrcd  on  tho  contract  or  order 
provided  thet,  oftor  Group  D  inspection  it  terminated/  those  sample  units  ero  subjected  to 
end  past  Group  A  inspection.  Defective  tsimplo  unite  from  eny  sompio  oroup  thot  mey  hovo 
posted  group'lnspeetian  oecaptonce  criteria  shall  not  bo  delivered  on  tho  contract  or  order 
until  the  defoetfs)  hot  been  remedied  to  the  sotisfaction  of  the  Government. 

4.7  Holdor  for  test  measurements.  The  semiconductor  diode  shall  bo  offixed  within  • 
the  holder  tpocifieci  In  Figure  1  herein  for  oil  eleetricol  test  ffleosuremonts. 

4.8  fcrticulcr  examinotion  and  test  procedures.  - 

4.8. 1  Frequency  Cutoff  test."  This  test  may  be  performed  In  eecoroonce  with 
Method  A  or  Mothoo  B/  followings 

(o)  Method  A:  Applying  the  condition  specified  for  tho  test  (see  Toblo  I  herein)/ 
the  test  shell  bo  performed  uslntj  a  test  circuit  mutueily  egreed  upon  between 
the  contractor  end  th  outhorized  Governmont  technical  representetive. 

The  cutoff  frequency  determination  shall  be  bated  on  the  moesurement  of  the 
10  Icmc  or  higher  small>tigitai  reflection  coefficiont  of  the  tunoble  holder 
,  containing  tho  diode.  TIse  oppiied  microwave  lignol  level  shell  be  such  thot 
o  6  ^  increase  in  level  does  not  chonge  the  measured  cutoff  frequency  by 
more  thon  10%. 

(b)  Motlsod  B»  The  frequency  cutoff  moy  be  computed  from  tho  formulot 
f g  «  Q  X  frequency  of  meosurement  (iO  kmc  or  higher)/  v/hcro  Q  is 
determined  from  the  test  procedure  for  the  Diode  Q  test  (see  Toble  I  herein). 
The  cortdition  specified  for  f^  (See  Table  I  heroin)  shell  bo  applicoble. 

4.8.2  Diode  Q  test.*  The  diode  Q  may  be  determined  in  accordance  with  eomputotlens 
per  (a)  or  (b)  below.  Vest  circuitry  shell  be  os  mutuolly  egreod  upon  between  the  controctor 
end  the  CMtroctIng  Cfficei^s  technlcoi  reprosentotlve.  It  should  be  noted  thot  the 
presentations  In  (a)  ond  (b)  below  ore  based  upon  Smith  Chart  plot  of  tho  diode  impedance 

os  0  function  of  frequency.  The  impedance  of  tho  diode  es  o  function  of  froquoncy  will 
rotate  along  o  constant  resistance  circle/  ond  the  self-resonance  frequency  will  coincide 
with  the  point  of  minimum  VSWR  end  the  crossing  of  the  reol  oxis  on  the  Smith  Chert. 

(a)  Tho  diode  Q  (including  tho  effect  of  streys)  at  resonance  moy  be  computed 
from  the  fellowingt 

Qw  ^(resonance) 

327  ^ 
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whore: 

2tkf  it  the  difference  between  the  frequencies^  when  the  reactive 
component  it  equol  to  the  roslttlve  component  ot  self  •resonance 
ot  any  bios  voltage. 


(The  Q  of  the  diode  junction  clone  it  the  product  oft 
the  obovo  Q  x  I 


where:  ■  ttroy  capocltonce 

Cg  ■  junction  capacitance) 


Note:  The  conttructlon  of  o  tol  id  brott  dummy  diode  for  thort^circult 
reference  will  be  necessary. 

(b)  The  dioc'o  Q  may  be  computed  from  the  krtown  junction  copocitonce  end  the 
VSVVR  at  resonance  in  accordance  with  the  following  relotionshipt 


Q-  I 

r 


X 


1 

rrr: 


v/horei  P  ■  VSVVR  normalized  to  10  ohnu  in  the  test  holder 
■  stray  copacitance 

Cq  b  junction  capacitance 

4.8.3  Solf-"c;or.ence  Freouency  test.-  Tiie  telf-rosononce  frequency  shell  be 
determined  from  the  test  proceauret  per  4.8.2,  Method  A  or  herein. 

4.8.4  Ccpcicitcnco  tests.-  The  specified  voltage  end  o-c  signol  (see  below)  shell  bo 
eppliod  to  the  terminals,  end  the  capacitance  sholl  then  be  measured.  The  jjnetien  capocitaneo 
Cq  is  the  copocitcnce  associated  with  the  barrier  at  zero  bias.  Copecitonce  shall  be 
measured  ot  100  Kc  with  a  Beonton  Electronics  74-C  Capacitance  Bridge,  or  equal.  Tne  o-c 
signal  level  applied  to  the  junction  shell  be  such  that  a  3  cTs  increose  in  level  produces 

less  then  a  IC%  change  in  junction  capacitance.  Junction  copacitance  may  be  calculated 
by  subtracting  the  copocitance  of  the  empty  package  from  the  measured  lotol  capacitance. 

The  copaeitenco  of  the  empty  package,  meosured  ct  100  Kc,  shall  not  exceed  the  limit 
specified  (see  Tcblo  I  herein).  The  definition  of  '’poekage'*  shell  bet  complete  unit  minus 
the  gallium  orsenido  wafer. 
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4.3.5  P.cvef:3  Vohc?e  Crrs!;c'ovvn  »cs>.-  The  tpoclflcd  rcverto  current^  ond  cKoelotcd 
reverse  bias  volfoso  (Sett  bo  opplied  (o  the  tcrmlMilj.  &rookdown  shall  occur  whon  tho 
mlnintum  spcciucd  reverse  bias  voltaQO  level  Is  reached. 

,  4.8.5  Series  P.cthrcneo  tc:?.-  Tho  mccsurc.T.cnt  of  series  resistance  shell  bo  based 
upon  tho  ecpscitanco  change  o>  the  diodo/  c;'>J  shell  be  mode  ct  a  frequency  10,0  kmc. 

Tho  method  of  measurement  shell  bo  os  mutually  asroed  upon  between  tho  contractor  end  tho 
Ccntract!n3  Officer  or  his  outhorized  teclmlcol  reprosontotlvo. 

4.8.7  Nermelizcd  IncrcT.cntol  Ccpecltonce  test.»  Determlnotlon  of  normollzed  Incremental 
ecpocltar.ee  tost  shell  eo  cased  upon  o  measurement  of  and  Cl  per  tho  fermulot 

Nemolizod  Incremental  Copocltanco  ■■  AC 

Where:  AC  *  difference  between  capacitonco  values  ot  2  voltage  points  at 
tho  extremos  of  the  non>llncar  portion  of  the  C-V  curve. 

Cl  ■*  meosuroment  of  the  pump  cepoclty  ot  Its  terminals,  when 
tormlnotcd  by  the  diode. 

Tho  tost  procedure  ond  test  elreult(s)  shall  bo  os  mutually  egrood  upon  between  the  contractor 
end  tho  Controetlng  Officer  or  his  authorized  tochnicol  representative. 

4.8.3  r.umout  test.  -  The  specified  d»«  forward  power,,  computed  os  tho  product  of  d-c 
forward  current  end  d~c  voltage  drop,  shell  be  oppll^  to  the  dli^e  for  ot  leost  10  seconds. 

The  external  temperoture  of  tho  diode  under  test  shall  be  et  least  25*  *  3*C, 
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•“See  4. 0.7  l-«rein. 


Tabic  li.  Group  P  Ir.ipecHcn  -  (Ctntinvcg?). 
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:■.  ?Rc?Ar^Ti':N  for  dzlivery 


?.  1  Pfcy.rction  for  delivery.  -  .“re/rrcHen  for  do;ivc;ry  tiioil  be  in  cccordc.nco  v/Ith 
Spociftco* tcn  fvMu"***** i  . 

i.  NOTES 

6.1  Motes. -  TI'.o  notes  incluo'ce  In  rowCi'Icction  ,ViiL-S-i?JCO,  cxceet  for  tnosc  covering 
quoliflcotion  {sco  4.2  Serein)  end  the  folicv/in;,  ere  c;-.,o!iccbio  to  tliis  c!ocur.*.cnt, 

6.2  OrJcrin.i  data.-  if  tl-.is  eocu.-.v;nt  is  used  wit!.  fSc  "C*'  or  Ictor  issue  of  Specification 
MIL-S-19OJ0  ccntolninj  LTPO-.ivetSo  •  Acceptance  Inceectien  rcc'jirc.Ticnts,  tl'.e  solicltction 
sSculd  InJIcotc  tSet  tl;0  Accoptnneo  I.*.5;;iCtion  l.T.'’.v-n-.ct;.oj  rcr,uirc.T.cntt  in  pero^ropSs 

4.3  ti'irou^S  4.3.3  herein  shell  be  ccnsii  cru  J  suf’Crscded  by  the  pertinent  requlrcimcnts  in  tho 
“C"  or  lotcr  Issue  of  Specificction  MIL-S-l  ?S0v.  j 

6.3  Estahllshri;~nt  of  a.'JittoncI  t  :i:  .  n  .'  .>r.ro.r.ct’:.~s.  -  Tho  resolution  of  ony  edditionoi 
tests  end  parc.T.it2rs  tlvot  will  lervc  for  ep'.inuf,.  ~:.r'iorr:--.r,cc  cvoluction  of  tho  e'evico 
rclotivo  to  the  opplicctlon  need  is  cnesurejuJ.  It  is  cx’ccted  thet  such  ceten.'inutIon(s) 
will  bo  Ly  rr.utoe!  uircement  benveen  Ir.o  ccnfrocter  c.n-l  tl'.e  res.sc.nsi'olci  Government 
agency,  cr.d  will  be  Inciuc'od  In  the  final  cccvoiencw  critoriu  for  t.ne  dovlco.  Pertinent 
electrical,  physicol,  tncchcnleal,  end  cnvlroamcnte!  t.jst  covcro.:;o  In  Specification 
MIL-S~]9S00  sl'.oulci  bo  consiccrod  cs  c  p.'I.r.cry  nuic's  in  this  rejore. 

NCTICc:  When  Govornment  drov/ln^js,  specifications  or  other  dote  ere  used  fer  any 
purpose  other  than  in  connection  wltli  o  definitely  related  Government  procurc.ment  operation, 
tho  L'nitod  States  Govcm.'ficnt  thereby  incurs  r.o  rc:;.icn:iL  !lity  nor  cny  eblijatien  v/hotroevor; 
and  the  fact  tl*.at  tho  Govem-ment  r.’.cy  !>cve  fcnmulctec',  furnisl’.cJ,  or  in  cny  woy  supplied 
tho  said  dra\vF.n;;;5,  spec ifiect ions,  or  otixr  c'oto  is  not  to  Lo  recerdod  by  !.t, plication  or 
othorv/isa  ps  in  cny  memner  licensing;  the  Ivol der  or  any  otiier  person  cr  corporotion,  or 
conveyino  cny  rl^ht  or  permission  to  menufacture,  uso,  or  sell  cn/  patented  invention  that 
may  in  ony  v/cy  bo  rolatod  thereto.  ■ 
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Figure  I.  Advonce  represerttotion  of  diode  tcit-holder. 


APPENDIX  B 

Data  for  Engineering  Sample ■ 
submitted  this  Quarter 
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NfliSULIu! 
r~i  Elactfical 


lYLVAHIA  ELICTRIC  PtOOUCTS  INC. 
tCMICONOUCTOR  DIVISION 


Q]  Env  Itaaaiamal 


QUbckanical 


O  lla>ata 

f~l  Caatrtiupa _ 

_0'a 

□  a$*c  Dm'c  □ _ "C 

HauH 

□  VlWatlan _ 

Q  Taaip.  Cyala 

C’a 

_0'i 

_ •C  _ •€  _ -C 

m  ..  .  .  -  . 

D  Shack  .Sw _ 

_0’a 

al-i: 


Tail  Dapt. 
Typa 
La«  Na. 
Eiai.  Na. 
Tail  Opaf. 
Enplnaat 


Data  30  January  1963 
Jab  Na.  _ 


Raaiafiii  Data  for  second  Group  75  Engineering  Sarnbl^g  Gallium  Artenlde  Varactor  Dtoda 

_ Contract  No.  DA-36-039-SC-86736 _ ^ _ 

Order  No,  19058-PP-62-81-81  ' 


SYLVANIA  ItlCTRIC  ^lOOUCTS  INC 
SIMCONOUCTOR  DIVISION 


ShMt  N*.  al,  J3ZZ_ 

TttI  Oapl.  __________ 

Tr». _ 
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